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ABSTRACT

The tests reported here were conducted to determine
the effects produced on the ballistics of a ligquid mono~
propellant round by advancing the point of venting of the
primer within the propellant column. The tests were
conducted with two case configurations in which the L/D
ratios of the propellant columns were approximately 3.4
and 5.0, As the point of venting was adwvanced, muzzle
velocity increased in rounds with the. L/D ratio of 5.0,
but decreased in those with the L/D ratio of 3.4. The
amount of unburned propellant remaining in the case after
firing increased in both case configurations, In both
configurations, the pressure curves were transformed from
cur¥es: with two &“arlnar*pfeasure-peags, through stages
approximating plateau conflgurations, to curves with one
well defined pressure maximume - - — - - . -

N -
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. FOREWORD

This is the Second Partial Report on Task Assignment
NPG-Re5a-39-1~53, "Liquid Propellant Guna®™, Reference (a)
established the task and authorized the use of funds under
this task for the development of a liquid propellant round
and the study of erosion characteristics of liquid propel-
lants in guns., This is also the Second Partial Report on
Task Assignment NPG-Re2d-12-1-53; "Liquid Propellant for
Guns; test and evaluation off", The objJect of this task,
established by reference (b), was to develop a prepackaged
hydragine monopropellant round and test its performance in

automatic fire. Since both objectiwes require the develop.
_“ymt of a satisfactory round befcore either rapid fire or

rosion tests Gan be conducted, the_objectives of the two
taak.aagigggcnts are combined in these tests. The experi-
mental work described in this repori was accomplished
between 18 August 1953 and 14 September 1953.

This report was reviewqd byg

S. E. HEDDEN, Acting Head
Interior Bsllistices Division and«Hgad
Research and Development Branch
Armament Department

He S. OVERMAN, Director of Research
Armement Department

L. C. KLINGAMAN, Commander, USN
Armament Officer
Armament. Department

N. A. M. RIFFOLT, Director of Research
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~ INTRODUCTION

As a result of the research reported in reference (c¢)
a hydrasine monopropellant round was developed by which
service velocity in the 4O0mm gun could be exceeded by as
much as 150 £/s without exceeding the chamber pressure of |
the solid propellant service charge for this gun. However, j
one characteristic of this round was the development of two
pressure peaks with the second peak often equalling the
first in magnitude. It was observed that the occurrence
of this second maximum was frequently asscciated with more

. ,F~>_,ggmage to the mouth of the case, The tests

roported here were undertaken to determine if and to what
extent the ballistics of the above round might be improved
*%y':eioéét£h§~th@ape int st whieh the primer ventad in the i
propellant column. In particular, it was of interest o =~ :
‘reduce the magnituds of the second pressure peak,

All the rounds used inrtheaeffests were loaded with T
310 grams of hydrazine monedropellant of the following
composition: )

Hydrazine 73.5%
Hydragzine Nitrate 22,.6%

Water 3.9% 5

The two case assemblies, designated C-4 and C-~5,
produced L/D ratios of the propellant columns of approxi-
mately 5.0 and 3.4, respectively. A free volume of 1% was
provided in the C~) assembly and 5% in the C-5, The excess
case volume was occupied by a paraffin beeswax mixture,
This wax was distributed in the cases as shown in Figure 1
in which the wax is the hatched areas,

Cases were LOmm Mk 2 modified to receive Mk 42 primers,

CONFIDENTIAL 1
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‘ Primer tubes were cylindrical brass tubes with I.D.'s
of 7/16 in, and 08025 thick burst diaphragms at the ends

of the tubes. The tubes were loaded with 0.2 grams of o

ammonium perchlorate and 36 grains of FFFG black powder.

Lengths of tubes are shown in Figure 1 and tabulated in

Tables l and 2, S

S%aqgard‘LOmm Mk 2 projectiles were used in all rounds,

DESCRIPTION OF TEST EQUIPMENT

The firings were conducted in a 4LOmm Mk A Mod 1 barrel
mounted in a 6 pounder mount Mk 7 Mod l. The barrel and
the mount were modified to receive ﬁyﬂamlu pressure gauges
in the chamber 3%0 and 10%0 from the breech face. The
instrumentation, including pressure gauges, used on these

testa wes described in reference (c).

PROCEDURE

< - The method of- prepesing and z-.a.:-i"ig the B 0?‘811&!&"& was
similar~to that used in reference (c) except that tempera~
tures up to 102°C and three or four days evacuation with
the vacuum pump were required to expel water during the
preparation of hydrazine nitrate. The adjustment of the
case volume was also the same except that the filler was
distributed in the case before the projectile was fitted
and crimped.

The first series of firings comprised the rounds with
the C-4 assembly. These were fired with primer extension
tubes increasing in length from 3% to 6" by one inch incre-
ments. The volume occupied by the wax filler was reduced on
succeeding rounds by the amount of increase in volume of the
‘primer tubes as shown in Figure l. Pressures were recorded
in the gun chimber at 3% and 10" from the breech face.

The second series of firings comprlsed rounds with the
C-5 assembly. A group of rounds with primer wubes 4% to
8" long were fired following the same procedure as above,
A second group with tubes 4" to 7" in length was then fired
as a reproducibility checke.
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RESULTS AND DISCUSSION

The effects produced by advancing the position of
venting of the primer within the propellant column with the
two different case assemblies may be seen by comparing the
pressure time records reproguced in Figures 2 through 7, and
by comparing the values for maximum pressure and muzzle
velocities tabulated in Tables 1 and 2. The ejection times
tabulated in the tables are the times from the occurrence of
the first pressure spike to ejection of the projectile.

[

"”lase bl

=L It is rﬁted.that, in goheval, tﬁe—seebﬁd pressure peak
dininiahed as compared to the first pressure péak as the
point of primer venting wWas hoved forward in this ausembly.
The- end of the tube was torn off on firing roudd - thh—ﬁﬁa»
3" primer. poasibly because of the high secondary pressura
registered by the 10Y0 gauge, On the other hand, round i
. ~with the longesi primer showed no secondary peak pressure

on the oscillogram record. Velocities increased slightly i
with increased primer length except for round 3 which gave I
a value only slighcly lower than the preceding rcund. The 3

velocity incriased from 2568 to 2675 £/a for the series, A
~The velocities are somewhat Lower than expected throughout- ==
the group even though freshly prepared propellant was used, ¥
but the primer length effects are, nevertheless, comparable. ’

TABLE 1 BALLISTIC DATA FROM C-4 ASSEMBLY

_Pressure (r-%)
“First Peak Second Peak

Rde Primer Ejection 3%0  1lo% 30  10%0  Velocity .
No. Length Time (ms) Gauge Gauge Gauge Gauge (£/s) "
1 310 540 33060 32600 38100 41000 2568
2 410 4,7 36900 38100 31900 33850 2606 k
3 5"0 4.2 41650 39870 31175 32900 2594 ¥
4 650 4,0 51175 48850 m—— w=s 2675

p
CONFIDENTIAL 3




3 Millisecond

FIGIRE NO. .2
PRESSURE-TIME OSCILLOG.(AMS OBTAINED WITH ASSEMBLY C-4

AT THE 3% GAGE POSITION -
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FIGURE NO. 3

PRESSURESTIME OSCILLOGRAMS OBTAINED WITH CASE ASSEMBELY Ced
AT THE 10" GAGE POSITION
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PRESSURE~TIME OSCILLOGRAMS OBTAINED WITH CASE ASSEMBLY
C~-5 AT THE 3" GAGE POSITION
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The general tendency with the C-5 case assembly, as
with the C-4, was for the second pressure peak to diminish
in amplitude relative to the first as the point of venting
was advanced in the propellant column, However, the drop
in pressure between the.two maxima is rslatively much less
in this series and close approxisations to plateau condi-

tions were obtained on rounds 6, 7, 11 and 12, :

| A marked decrease in mugzle velocity resylted in this
series as tlie venting point of the primer was advanced in
the case. From an average of 3020 f/s on the two rounds

with &¥0 yrimers the velocity dropped to-2173 £/s on the .
round with the 890 primer,

TABIE 2 BALLISYIC DATA FROM C-5 ASSEMBLY

- Pressure (psi)
T First Deak Second Feak

Rds  Primer  Ejection 30 10% 30 10%  Veloeity.
-¥oo  Jengths Tiwe {ms) Geucs Gauze  Gouse Gauge {£/s)
6.. 4% . 4.0 36850 34200 49100 39750 3038
8 5%0 4.0 46050 36900 41450 35050 2852
7 6"0 4. 48600 52450 42050 === 2750
g 70 4.1 44600 40200 42250 === 2389
e 8%0 © 4ot 43500 30200 28100 16850 2173
10 4%0. 440 43500 39600 54550 48685 3001
11 5%0 Ga9 51100 51800 41650 42395 2867
12 © 8%0 4,0 42150 43300 45520 42550 2752
13 ™0 4.2 45200 4705¢ 43300 46650 2484
General

In comparing the results from the two case assemblies,
it is to be noted that the second pressures peck can he
eliminated and an essentially plateau type pressure curve
produced by proper location of the venting point of the
primer in the propellant column. However, the amount‘of
unburned propellant remaining in the case is increased as
venting is advanced. This condition would be particularly
undesirable under rapid fire conditions. In the C-5 assem-
bly, advancing the point of venting results in a marked
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reduction in the velocity obtained with this assembly.

Thus, while advancing the point at which the primer vents
in the propellant .column improves the ballistics of the
round in some respects, it has detrimental effects in
others. The C-5 assembly with venting of %he primer near
the base of the propellant column is the most satisfactory
of the rounds tested with respect to velocity odbtained,
lhapo of pressure curves, and amount of prepellant utilized.

GONCLUSIONS

" Pror the fizigga of these tests, it is conoluded that
advancing the point of- venting of the primer within the

grepellght elen produces the following effects:

unds with a

2y Muewe _‘% walandtey da inoraas

WL R Y R a7l -i-vva.d WK RS T

5”

e

C 25 l in ro
propellant column L/D ra tio of 5.0, but is decreased in
.- rounds with-a ratio of 3.k.

bg - The amount. of unburned, propellant. remiining in the
case after firing increases in both case configurations,
Negligible amounts of propellant were observed in cases of
either configuration in which the primers vented near theé
base of the propellant column,

¢ce In both case configurations, the pressure curves
were transformed from curves with two distinct pressure
peaks, through stages approximating plateau configurations,
to curves with one well defined pressure maximum,

£§£§§§§£§§
Ea) BUORD ltr NP9-Re5a-FWB:f1 of 15 Jul 1952
b) BUORD Conf ltr NP9-Re2d-WES:aph Ser 49271

of 17 Dec 1952
(¢) NPG Conf Report No., 1200 of 13 Nov 1953
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Subject: Ignition of Liquid Propellant in the 40mm Gun
by G. L, Poudrier and K, H. Crutchfield, Armament
Department, U, S. Naval Proving Ground, Dahlgren
Virginia 15 June 1954

ABSTRACT

The tests reported here were conducted to determine
the effects produced on the ballistics of a liquid mono-
propellant round by advancing the point of venting of the
primer within the propellant columne The tests vere

conducted with twe case configurations in which ths LD

ratios of the propellant columns were approximately 3eb
and 5.9. As the point of venting waa advanced, muszle:
velocity increased in rounds with the L/D ratio of 5.0,
but decressed in those with the L/B ratio of 35.4. The
amount of unburned propellant remaining in the case after
firing increassd in both case configuraticns. In beth
conficurat*one, the pressure curves were transformed from
il two élstlnct pressurs peaks. bhrough stages
approximating—peatoau configurations, to curves with one

#6ll defined pressurc hme—Sulle
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